This paper aims to provide analysis for qualification and quantification of causes related to results deviations in relation to a default value eventually recorded by power quality analyzers while the calibration tests are performed by the Power Quality Group of the Federal University of Uberlândia. Specifically, it is shown the method effects for calculating the RMS voltage while the time and short-duration voltage variations amplitude are quantified. Additionally, it is presented the differences between the various methods available to quantify the voltage unbalances, as well as the impacts due to different methods of calculating the RMS average recorded by the power quality analyzer.
Introduction
Over the past two decades, the power quality (PQ) is becoming increasingly specific regulations in various countries around the world. In Brazil, specifically, the power quality regulation is still very preliminary, with two different normative documents in specific modules: the Power Grid Procedures [1] , associated to the energy transmission case, with voltages equal to or greater than 230 kV, and the Distribution Procedures -PRODIST [2] for the distribution systems case, with voltages less than or equal to 138 kV. The parameters for assessing the voltage waveform quality were determined in the both documents, such as: harmonic distortion, unbalance, voltage fluctuations and short-duration voltage variations.
The power quality analysis at the electrical systems is succeeded through modern electronic analyzers, which protocols are invariably associated to the methodology for indicators quantification defined by the International Electrotechnical Commission -IEC [3] .
Although the commercial equipment use the latest technology available worldwide, taking to account the hardware, and still comply with the limits and procedures established by the IEC, in order to solve any doubts and differences between measurements made by different manufacturers' equipment, such equipment need to be tested for calibration and certification, for example the "Class A" certification tests, which are accomplished worldwide. However, in Brazil, there are no laboratories accredited to issue calibration certificates for power quality analyzers.
In this context, although it has no authorization to issue calibration certificates, around 2003, the Power Quality Group of the Federal University of Uberlândia, with the support of electricity sector agencies, aiming to attend the module 8 of PRODIST, developed a proposal with a tests routine, which consider the power quality indicators in order to carry out performance tests on power quality analyzers to ensure compliance required for a correct evaluation of the power system quality, by direct request of national and international manufacturers. Thenceforward, numerous tests and equipment have been performed and evaluated over the years.
Following this context, the Power Quality Group has broad experience in the process of evaluating the power quality analyzers performance. In general, some equipment did not obtain satisfactory results during testing, for several reasons, such as: method for calculating the RMS voltages, which directly influences in determining the time and magnitude of short-duration voltage variations, the selected methodology for calculating voltage unbalance, and finally, the calculation method used to determine average values, that is, arithmetic mean or mean square. It's worthwhile to note that the tests have not the proposal to disapprove equipment, but rather to contribute to the adequacy of equipment tested at the laws and procedures required in Brazil.
By this way, this paper aims to present the above issues, in order to encourage discussions that will contribute to the establishment of a specific measurement protocol to be defined by ANEEL in the future.
Analysis of the effects for calculating the RMS values to quantify the short-duration voltage variations
According to the concept defined in [2] 
From equation (1), the various protocols for calculating the RMS value of a voltage waveform, for example, can be detailed as follows:
• RMS value calculation using 1 cycle sampling windows of the voltage waveform; • RMS value calculation using 1/2 cycle sampling windows of the voltage waveform; • RMS value calculation using 1/4 cycle sampling windows of the voltage waveform;
Illustrating this situation, assuming a hypothetical analyzer with sampling rate equal to 8 samples per cycle of 60 Hz, in the case of calculating the RMS value using 1 cycle sampling windows of the voltage waveform, from the equation (1), the N value would be equal to 8. Similarly, using ½ and ¼ cycle sampling windows of the voltage waveform, from the same equation, the N values would be equal to 4 and 2, respectively.
In addition to sampling windows size to calculate the RMS values, the methods of sliding window also has an important effect in the calculation of the RMS values. Figure 1 , taking yet the hypothetical analyzer with sampling rate of 8 samples per cycle, presents the most usual methods of sliding windows used by modern digital power quality recorders.
The matches between the sampling window size and sliding window method can be varied. For example, Figure  2 shows how to calculate the RMS value by ½ cycle sampling windows with ¼ cycle sliding window. In addition, for the same case, the sample rate of the hypothetical analyzer was equal to 8 samples per cycle. Besides the method of sliding sample window, the window size also has a significant effect on the calculations accuracy relating to the attributes of the short-duration voltage variations. Figure 4 shows the results obtained for the same event used in Figure 3 , however, considering the same method of sliding window sample and two different windows sizes for calculating the RMS, 1 and ½ cycle, respectively. In addition to the sampling window size and method of sliding it, the sample rate of equipment data acquisition also represents an important variable in the process of calculating the RMS values, as shown in Figure 5 . Figure 5 (a) shows that, unlike the expected, the sampling rate rise causes an increase in the error of sag duration calculus while using sampling with 1 cycle length and using sampling windows with 1 cycle length and ½ cycles sliding. In the case of Figure 5 (b), when using sampling windows with ½ cycle length with sliding every ½ cycle, the sampling rate has little influence on the results obtained. It is worthwhile to note that in the latter case the errors were insignificant with respect to instantaneous values of the voltage waveform.
In addition to the specific methods of calculating the RMS values, even the topology of the sag events contribute to worsen the measurement deficiencies related to the RMS values calculation. For example, Figure 6 shows the results obtained for the sag duration with variable amplitude and 5 cycles length. As seen in Figure 6 (a) while calculating the RMS value through sample windows with 1 cycle length, sliding every ½ cycle, the sag amplitude contributes strongly to the errors obtained, considering the true duration of the event. In the case of sag's with large amplitude, the errors obtained were close to 1 cycle length.
Another important parameter of the event attributes, in relation to the RMS calculation, is the point on the voltage waveform at which the event begins. Figure 7 shows two sag events, with the same duration and amplitude, occurring at different points of the voltage waveform. The results vary significantly. For the event started at zero crossing of the voltage waveform, the time calculated for the sag was 85.68 ms (deviation of only 0.35 ms). On the other hand, while the same event starts with a delay of approximately 45 electrical degrees with respect to voltage passage through zero, the result was 94.27 ms, which represents a deviation of 10.94 ms. Also in these cases, for worsening, the effects of the method for calculating the RMS values are intensified, as can be seen in Figure 9 , at which a same event with Sag of 20% amplitude and 1 cycle length has its duration calculated from sample windows of 1 cycle and sliding with window variables. The results show that in cases with Sags of very short duration, besides the differences obtained in the durations, there are also high amplitudes changes. 
Analysis of the effects on the method for calculating the average values of RMS quantities
Another detail, which should also be considered relates to the method of calculating the average of a RMS group measured. Some equipment uses the mean-square calculation (2) , while others use the arithmetic mean (3) . When performing a measurement with equipment, which employs the first method and another one the second method, it can see great divergence in results. To illustrate this fact imagine a hypothetical case of measuring an electrical grid that has some voltage harmonic content at which the 5 th order component is variable in time with a duration of 300 ms on each value, while other components are constant, as shown in Table I . Table I Based on these results, Table II shows the mean values obtained for the period according to the calculation methods mentioned. As can be seen in the previous table, the representative value of the 5th order voltage harmonic component is 8.6% when calculated by the mean square, that is, higher than the value obtained by the arithmetic mean (7%). As for the representative value of total harmonic distortion can be noted that if the calculation is carried out by the mean square, the value obtained for the THVD (9.4%) is below the limit recommended by PRODIST (10%), while by the arithmetic mean, the value obtained (10.2%) exceed this limit. These results emphasize the need for a standard calculation.
Analysis of different methods for the voltage unbalance calculation
The voltage unbalance in a three phase electrical system is a condition in which the phase voltages have different modules with one another, or angular phase shift different of 120 electrical degrees, or even the two conditions simultaneously. Among the most common factors that can lead to its occurrence may be mentioned: unbalanced three phase loads, unequal distribution of single-phase loads, transmission lines poorly transposed and still overheating, malfunction and/or devices failures.
The calculation of the voltage unbalance level, known as K-factor or unbalance factor (K) can be done by four different methods [4] : Finally, the fourth case has the same characteristic of the third one, but with values that lead to a greater unbalance. Table III . Case study -Unbalanced voltage Figure 12 shows the results obtained for the unbalance calculation by the methods presented for the cases proposed. As indicated in the previous picture, it can be noted that the symmetrical components method and CIGRE method lead to unbalance indicators exactly equal to all cases evaluated. It appears that the NEMA method presents a good agreement related to the two previous methods, but diverges when the angular difference is fixed at 120° or as the unbalance increases. Since the IEEE method has always much higher values than those indicated by other methods. Taking to account that the symmetrical components method is adopted as reference in the national regulations documents, references [1] and [2] , it is concluded that the CIGRE method can be widely used with the advantage of great simplicity of implementation in equipment measurement, because it uses only the power grid line voltages monitored.
Conclusions
This paper considered some practical aspects related to performance tests on power quality analyzers, conducted by the Power Quality Group of Federal University of Uberlândia.
Through the performed tests, it was possible to note that some details related to the data processing coming from the measurement can lead to a divergence in results among the power quality analyzers presented. These aspects could be seen especially in the calculus of the RMS values of voltage and short-duration voltage variations length that, depending on the window size for calculating the RMS values, as well as the method of sliding window, lead to differences in results over 10%. Likewise it also occurred to the average calculation of values representative every ten minutes. In the latter, it was found that, depending on the equation used, different results can be obtained, thus compromising the analysis related to the limits violation established for the power quality indicators. Another question was about the methods for calculating the voltage unbalances. With respect to studies on this subject, there was concordance of results in only two of the four methods evaluated for the various conditions of angle and voltage magnitude that characterize the unbalance. In one method, there was a major disagreement with the values comparing with the others.
The studies presented highlight the need for a standard method for power quality indicators calculation and reflections for the establishment of specific measurement protocols to be defined by ANEEL future.
